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DESCRIPTION 

ROTATION DETEDCTION DEVICE 

TECHNICAL FIELD 
[0001] 

The present invention relates to a rotation detection 
device that detects rotary motion of a rotary machine and is 
incorporated in a control system for controlling the operation of 
the rotary machine based on the detection results of the 
rotation detection device. More particularly, the present 
invention relates to a technology for reducing the torque ripple 
of the rotary machine by reducing a ripple component contained 
in an output signal of the rotation detection device. 

BACKGROUND ART 
[0002} 

In general, a motor has a torque ripple. The torque 
ripple may cause velocity fluctuation or positioning error of a 
servomotor. Therefore, it may decrease machining accuracy of 
an NC machine, or vibrate a cage of an elevator to disturb the 
comfort of passengers, for example. The torque ripple may be 
caused by a motor itself (containing a transmission), or by a 
rotation detection sensor (i.e., rotation detection device) of the 
motor. The torque ripple caused by the former is attributable 
to insufficient machining accuracy of a stator or a rotor of the 
motor, eccentricity of a rotor bearing, harmonic components of a 
magnetic field in the motor, or insufficient assembling accuracy 
of the transmission. Various studies have been conducted to 
work out a method for reducing the torque ripple caused by the 
former. 

[0003] 

JP7-129251A discloses a method that: focuses on the 
torque ripple generated by a speed reducer; calculates a 
correction signal (T CO m P = Asin(0 + <xl)) where A is a torque 
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ripple adjustment gain, 9 is the rotation angle of a transmission, 
and al is an initial phase; adds the correction signal to a target 
torque reference in a feed-forward manner while synchronizing 
the correction signal with a motor rotation cycle, thereby to 
5 cancel the torque ripple. 

[0004] 

JP11-299277A discloses a method that: focuses the fact 
that there is a correlation between the torque ripple and a 
10 motor rotation angle; causes a storage device to store the 
correlation; reads out torque ripple data corresponding to the 
motor rotation angle; and subtracts the ripple component from 
a torque command value to determine a new torque reference 
value. 

15 

[0005] 

Meanwhile, since the torque ripple caused by a rotation 
detection sensor appears as a motor torque ripple, the 
aforementioned control of a motor control device can solve the 

20 torque ripple problem in most cases. However, if an output 
value of the rotation detection sensor contains a ripple 
component associated with the rotation angle of the rotation 
detection target, the amplitude of the ripple increases in 
proportion to the angular velocity of the rotation detection 

25 target. Consequently, the angular velocity feedback gain for 
controlling the torque or the rotational velocity of the motor 
cannot be increased. This results not only in a heavy load on 
the control device but also in a higher device cost. 

30 [0006] 

In order to solve the above problem, a method disclosed 
in JP 2003-83769A may be used. This method employs a ripple 
cancellation means that generates a canceling signal having a 
phase and an amplitude determined such that the canceling 
35 signal may cancel a ripple component caused by the rotation 
detection sensor. 
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[0007] 

As described above, with a conventional rotation 
detection device, various kinds of control procedures are applied 
5 to driving device or control device of a rotary machine, so that 
the rotary machine equipped with the rotation detection device 
does not exhibit a torque ripple or velocity fluctuation of a 
non-negligible level even if the output of the rotation detection 
device contains a ripple. Therefore, the drive device and the 

10 control device of the rotary machine become complicated, 
thereby reducing reliability and increasing the cost. The torque 
ripple of an electric motor may be caused not only by a ripple 
contained in the output of the rotation detection device, but also 
by various other factors such as assembling accuracy of a speed 

15 reducer, the machining accuracy of a motor itself, and harmonic 
components of a magnetic field. The ripple contained in the 
output of the rotation detection device makes it difficult to 
observe the torque ripple caused by the aforementioned other 
factors, and thus it can be said that the rotation detection 

20 device does not fully exercise its sensor function. 

[0008] 

Further, when the ripple component of the rotation 
detection device is to be cancelled, it is necessary to adjust the 
25 amplitude and the phase of the output of the ripple cancellation 
means such that the ripple component is properly cancelled. 

DISCLOSURE OF THE INVENTION 
[0009] 

30 The present invention has been made in view of the 

above circumstances, and thus the object of the present 
invention is to provide a rotation detection device that is 
capable of decreasing the output ripple of the rotation detection 
device, reducing a torque ripple and velocity fluctuation of an 

35 actuator such as rotary machine incorporating the rotation 
detection device, thereby to simplify a drive device or a control 
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device of the actuator, and to reduce the cost thereof, and to 
enhance the reliability thereof. 

[0010] 

5 To accomplish the above objective, a rotation detection 

device according to the present invention is characterized by 
including: a rotation detecting means that detects rotary motion 
of a rotating body; a rotation angle converter that outputs an 
rotation angle of the rotating body based on an output of the 
10 rotation detecting means; an angular velocity converter that 
outputs an angular velocity of the rotating body based on the 
output of the rotation detecting means; a rotation calculating 
means including: a rotation angle linear function calculator that 
calculates a linear function concerning an output of the rotation 

15 angle converter and has a phase adjustor for setting an 
adjustable constant term of the linear function; a trigonometric 
function calculator that calculates a sine or a cosine of an 
output value of the rotation angle linear function calculator; an 
amplitude adjustor that multiplies an output value of the 

20 trigonometric function calculator by a predetermined gain; and 
a multiplier that multiplies an output of the amplitude adjustor 
by the output of the angular velocity converter; and an 
automatic phase adjusting means including: a phase shifting 
means that differentiates or integrates, with respect to time, an 

25 output of the angular velocity converter; a shifted phase 
sampling means that samples an output value of the phase 
shifting means at predetermined intervals associated with the 
output value of the rotation angle linear function calculator; a 
periodic phase deviation integrating means that adds an output 

30 of the shifted phase sampling means to a summation of outputs, 
having been obtained in one cycle before a predetermined point 
of time, of the shifted phase sampling means at the 
predetermined intervals associated with the output value of the 
rotation angle linear function calculator; and a phase gain 

35 multiplying means that multiplies a calculation result of the 
periodic phase deviation integrating means by a predetermined 
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gain, wherein the periodic phase deviation integrating means is 
configured to output an output of the phase gain multiplying 
means as a phase adjusting value for the phase adjustor. 

5 [0011] 

The amplitude adjustor may include an automatic 
amplitude adjusting means which includes: a vibration sampling 
means that samples the output value of the angular velocity 
converter at predetermined intervals associated with the output 

10 value of the rotation angle linear function calculator; a vibration 
sample value average calculating means that outputs, at 
predetermined intervals associated with the output value of the 
rotation angle linear function calculator, an average of the 
output values of the vibration sampling means obtained at a 

15 present time and obtained at a time one cycle earlier from the 
present time; a vibration integrating means that integrates the 
output of the angular velocity converter with respect to time to 
output an integration result; a vibration time average 
calculating means that calculates, at predetermined intervals 

20 associated with the output value of the rotation angle linear 
function calculator, a time average of the output values of the 
vibration integrating means; an amplitude deviation comparator 
that calculates, at predetermined intervals associated with the 
output value of the rotation angle linear function calculator, a 

25 difference between outputs of the vibration sample value 
average calculating means and the vibration time average 
calculating means; a periodic amplitude deviation integrating 
means that adds, at predetermined intervals associated with the 
output value of the rotation angle linear function calculator, an 

30 output value of the amplitude deviation comparator to a 
summation of outputs, having been obtained in one cycle before 
a predetermined point of time, of the amplitude deviation 
comparator; and an amplitude gain multiplying means that 
multiplies a calculation result of the periodic amplitude deviation 

35 integrating means by a predetermined gain; wherein the 
automatic amplitude adjusting means is configured to output an 
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output value of the amplitude gain multiplying means as an 
amplitude adjusting gain for the amplitude adjustor. 

[0012] 

5 The periodic phase deviation integrating means may 

comprise an integrator that integrates the output value 
generated by the shifted phase sampling means with respect to 
time. 

10 [0013] 

The periodic amplitude deviation integrating means may 
comprise an integrator that integrates the output value 
generated by the amplitude deviation comparator with respect 
to time. 

15 

[0014] 

The rotation detecting means may include a resolver. 

[0015] 

20 The rotation detecting means may include an encoder. 

[0016] 

The rotation detecting means may include a power 
generator. 

25 

[0017] 

The rotation detection device may employ the rotation 
detecting means and the rotation calculating means which are 
separated from each other. 

30 

[0018] 

The rotation detection device may employ the rotation 
detecting means including the rotation calculating means. 

35 [0019] 

The output of the rotation calculating means may be an 
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angular velocity output containing a reduced ripple component 
of the angular velocity. 

[0020] 

5 The output of the rotation calculating means may be an 

angular velocity output ©out calculated by using Expression 1, 
where "9" is the rotation angle, "©" is the angular velocity, "G" 
is the amplitude adjusting gain of the amplitude adjustor, V is 
the phase adjusting value of the phase adjustor, and "n" is a 
10 ripple periodic number contained in the rotation angle converter 
output per rotation of the rotating body. 

®out =©(l-Gsin(w<9 + i//)) ... (Expression 1) 

[0021] 

15 The output of the rotation calculating means may be a 

rotation angle output containing a reduced ripple component of 
the rotation angle. 

[0022] 

20 The rotation angle converter may include an integrator 

that integrates the output of the angular velocity converter. 

[0023] 

The rotation calculating means may include an integrator 
25 that integrates the angular velocity output ©out- 

[0024] 

The rotation detection device may include plural number 
of the rotation calculating means. 

30 

[0025] 

The output of the rotation calculating means may be a 
rotation angle output containing a reduced ripple component of 
the rotation angle or an angular velocity output containing a 
35 reduced ripple component of the angular velocity. 
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[0026] 

The automatic phase adjusting means may include a 
phase adjusting value storing means that stores the output 
value of the automatic phase adjusting means in accordance 
with an external signal, and that updates or reads out the 
stored value. 

[0027] 

The automatic amplitude adjusting means may include an 
amplitude adjusting value storing means that stores the output 
value of the automatic amplitude adjusting means in accordance 
with an external signal, and that updates or reads out the 
stored value. 

[0028] 

The present invention effectively eliminates a ripple 
component contained in the output of the rotation detecting 
means, and more particularly a ripple component that appears 
in connection with the rotation cycle of a measurement target. 
The present invention provides a compensation parameter 
automatic adjustment function that cancels the ripple 
component in order to reduce the ripple component contained in 
the output of the rotation detecting means easily and effectively 
even during the operation of the system without making 
preliminary tuning. 

[0029] 

When a rotation angle of a rotation detection target is Go, 
the rotation angle converter converts the output of the rotation 
detecting means containing a ripple having an amplitude of "a" 
(the symbol "a" is italicized in mathematical expressions in this 
specification) to a rotation angle output 9, which is expressed by 

following Expression 2: 

6 = 0 O -a cos(h0 o +<£)... (Expression 2) 

where "m" is a ripple periodic number per rotation of the 



9 



detection target, and is an initial phase difference caused by 
mounting of the rotation detecting means to the rotation 
detection target. 

5 [0030] 

In the present invention, for instance, the angular 
velocity converter differentiates "0" with respect to time to 
obtain an angular velocity output ©, which is expressed by the 
following Expression below ("6" with a dot denotes the time 
10 differentiation of "6", and may be represented in this 
specification by "0 dot" due to the limitation of the patent 
application format.): 

(o =0 o (l + ansin(n0 o +<£))... (Expression^) 

15 [0031] 

If the rotation calculating means calculates its output 
"aw" in accordance with Expression 1, Expressions 2 and 3 may 
be substituted into Expression 1 to express "©out" as follows: 

a) out = 0 O (l - G sin(^ - an cos(n0 o f ^) + w# 0 ) + an sin(wd? 0 + ^) 

- anG $m{i// - an cos(n0 o + <fi) + n0 o } sin(n0 o + 

20 ... (Expression 4) 

[0032] 

In Expression 4, the ripple amplitude is generally small, 
and thus it can be considered that "a lf <<l. Thus, Expression 4 
25 may be expanded while the trigonometric functions are 
subjected to linear approximation near an angle of zero to 
obtain the following expression: 

6) out = 0 o (l - G sin(^ + n0 o )+anG cos(^ + n0 o )cos(n0 o + <£) 
+ ansin(n0 o + <f)-anG sin (i//- an cos(n0 o +^)+ n0 o )sm(n0 o +^)) 

... (Expression 5) 

30 [0033] 

Assuming that "aG = 0", the following Expression may be 
obtained: 
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co out =0 o (l-Gsin(/?<9 o +[//) + ansm{n0 0 + ^)) ... (Expression 6) 

Expression 6 indicates that the output "aw" of the 
rotation calculating means is equal to the angular velocity "6o 
dot" of the detection target if the amplitude adjusting gain "G" 
5 is set to be equal to the ripple content "am" and if the phase 
adjusting value >" is set to be equal to the initial phase 
difference >". It means that the ripple contained in the output 
of the rotation angle detection means can be eliminated. 

10 [0034] 

The angular velocity ripple component "or" per unit 
angular velocity contained in the rotation detection device may 
be given by the following Expression 7: 

<o r =ansin(n0 o +</>)... (Expression 7) 

15 

[0035] 

Therefore, when a compensation angular velocity ripple 
"©c" per unit angular velocity that may be given by the following 
Expression 8 is added to the angular velocity ripple 'V, 
20 co c =Gsin(n0 + y)... (Expression 8) 

the synthesized angular velocity ripple "© m " per unit angular 
velocity obtained after compensation may be expressed by the 
following Expression 9: 

o) m = 4( nG ) 2 + G 2 + 2n6GBcos{(f> - *P)sin {n6 + . (Expression 9) 

25 where 

tan/2 = ... (Expression 10) 

[0036] 

If "(J) = *F" in Expression 9, © m is expressed by the 
30 following Expression 11: 

® m =("0 + G)sin(w0 + *P)... (Expression 11) 



[0037] 
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In other words, if "<J) =v|/", the compensation angular 
velocity ripple "a> c " and synthesized angular velocity ripple "a) m " 
have the same phase, as shown in Fig. 5(a). Thus, as an 
algorithm for changing the phase 'V' of "© c ", the phase V may 
5 be defined by the following Expression 12: 

n 

¥'(n + i) = aj^e l (k)... (Expression 12) 

k=l 

where: ei(n) is the deviation, from zero, of a time differential or 
a time integral of "a> m " which is sampled when the angle "me + 
V, which is the angle of V, is "2n7i + n/2"; "a" is an 
10 appropriate gain; and "n" is a non-negative integer. 



. [0038] 

Then, when "© c " and "com" have the same phase, the 
increase/decrease in *¥ is zero. 
15 Further, the phase 'V" may be defined by the following 

Expression 13: 

n 

t r(n + i)=a^ ) e 2 (k)... (Expression 13) 

*=i 

where ei(n) is the deviation, from zero, of a time differential or 
a time integral of "o m " which is sampled when the angle "me + 
20 y", which is the angle of "coc", is "2n7t + 3tc/2"; a" is an 
appropriate gain. 



s Thus, 'V may be defined, in connection with the change 
in the angle "me + <D" from 0 to 2iz, by the following Expression 
25 14: 

l F(n + i) = a X e i(*)~2 e 2W ■•■ (Expression 14) 

V*=i *=i ) 



[0039] 

When the V angle "me + v|/" changes from "2n7i" to 
30 "2n7i + 7t" in a situation where '>" is fixed such that "<t> = \|/" in 
Expression 14, G may be defined by the following Expression 
15: 
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G(» + l)=)92f^^ ) + *W-fl> rtK1 (*)j... (Expression 15) 

where: "t(2ri7c + 2%)" and "t(2nrc + %)" are points of time at 
which "me + y = 2n7i" and "me + v = 2n7t + n" , respectively; 
"©mAvi(n)" is the average value of "© m " sampled at these points 
5 of time; p is an appropriate gain; and Ti(n) = t(2nrc + tc) - 
t(2n7t). 

> [0040] 

Under such a definition, if "<|> = V, the increase/decrease 
10 in "G" is zero when the half-cycle time average value of "co m " is 
equal to "omAvi(n)". When the "© c " angle "me + <£" changes 
from "2n7i + tc" to "2n7c + 2tc", "G" may be defined by the 
following Expression 16: 

G(« + l) = /?|j(j^J^ (Expression 16) 

15 where: t(2n7t + 2%) and t(2n7t + 71) are points of times at which 
"me + <E> = 2n7t + it" and "me + 4> = 2n7t + 2%", respectively; 
"a)mAV2(n)" is the average value of "<s> m " sampled at these points 
of time; (3 is an appropriate gain; and T2(n) = t(2n7t + 2n) - 
t(2n7t). 

20 ~ Then, the time average value "com" is equal to "©mAV2(n)" 

in the remaining half cycle of the rotation angle. 
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[0041] 

Thus, "G" may be defined, in connection with the change 
in the angle "me + \\t" from 0 to 2%, by the following Expression 
17: 



J) 



... (Expression 17) 

30 

When "G" is defined as described above, "G" converges to 
"-me" and the amplitude of "a> m " becomes zero, as shown in Fig. 
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5(b). 
[0042] 

If the ripple content "am" or the initial phase are 
known, it goes without saying that "G" and 'V may be initially 
set to known values. 

[0043] 

As described above, the ripple component contained in 
the output signal of the rotation detection device is cancelled by 
automatically adjusting the phase of the compensation angular 
velocity ripple in accordance with Expression 14, and by 
automatically adjusting the amplitude of the compensation 
angular velocity ripple in accordance with Expression 17. 

[0044] 

The present invention can automatically decrease the 
output ripple of the rotation detection device, and thus easily 
reduce the torque ripple and the valocity fluctuation of an 
actuator such as a rotary machine in which the rotation 
detection device is incorporated. Further, the present invention 
automatically adjusts relevant parameters. Therefore, the 
output ripple of the rotation detecting means can be reduced 
easily and effectively even during the operation of the system. 
Furthermore, since the output ripple of the rotation detection 
device can be reduced by performing simple calculations, it is 
possible to simplify a drive device and a control device of the 
actuator, and thus to reduce the cost. Moreover, the present 
invention can reduce the ripple component without regardless of 
the rotation velocity of a detection target. Therefore, it is 
possible to enhance the accuracy and reliability of a drive 
system that incorporates the rotation detection device according 
to the present invention. 

BRIEF DESCRIPTION OF DRAWINGS 
[0045] 
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Fig. 1 is a schematic perspective view illustrating a 
rotation drive system equipped with a rotation detection device 
according to a first embodiment of the present invention. 

Fig. 2 is a block diagram illustrating the configuration of 
the rotation drive system shown in Fig. 1. 

Fig. 3 is a block diagram illustrating the configuration of a 
phase adjustor shown in Fig. 2. 

Fig. 4 is a block diagram illustrating the configuration of 
an amplitude adjustor shown in Fig. 2. 

Fig. 5 includes pattern diagrams that illustrate the 
relationship between torque ripple and time to explain about the 
principles of phase and amplitude automatic adjustments. 

Fig. 6 is a pattern diagram illustrating the relationship 
between time and target angular velocity. 

Fig. 7 is a pattern diagram illustrating the relationship 
between time and a torque reference value. 

Fig. 8 is a pattern diagram illustrating the relationship 
between time and a conventional torque reference value. 

Fig. 9 is a pattern diagram illustrating the relationship 
between time and a torque reference value for automatic 
adjustment. 

Fig. 10 is a schematic perspective view illustrating a 
rotation drive system that is equipped with a rotation detection 
device having rotation detecting means differing from the one 
shown in Fig. 1. 

Fig. 11 is a schematic perspective view illustrating a 
rotation drive system that is equipped with a rotation detection 
device having rotation detecting means differing from the ones 
shown in Figs. 1 and 10. 

Fig. 12 is a schematic perspective view illustrating a 
rotation drive system that is equipped with a rotation detection 
device according to a second embodiment of the present 
invention. 

Fig. 13 is a block diagram illustrating the configuration of 
the rotation drive system shown in Fig. 12. 

Fig. 14 is a schematic perspective view illustrating a 
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rotation drive system that is equipped with a rotation detection 
device according to a third embodiment of the present 
invention. 

Fig. 15 is a block diagram illustrating the configuration of 
the rotation drive system shown in Fig. 14. 

EMBODIMENTS OF THE INVENTION 
[0046] 

Embodiments of the present invention will now be 
described in detail with reference to the accompanying 
drawings. 

In Figs. 1 to 4, the reference numeral 1 denotes a 
rotation detection device according to a first embodiment of the 
present invention. The rotation detection device 1 includes 
rotation detecting means CI and rotation calculating means C2, 
C2\ 

[0047] 

The rotation detecting means CI includes a resolver 15, 
an input rotary shaft 17, and rotation transmitting means 19. 
The resolver 15 is mounted on a rotary electric motor 11, which 
is a detection object, and outputs a voltage that is proportional 
to the rotation angle of a rotor rotary shaft 13 of the rotary 
electric motor 11. The input rotary shaft 17 is directly coupled 
to rotor (not shown) of the resolver 15. The rotation 
transmitting means 19 transmits the rotation of the rotor rotary 
shaft 13 to the input rotary shaft 17. 

[0048] 

The rotation transmitting means 19, which is connected 
to one end of the rotor rotary shaft 13, includes, for instance, a 
universal joint and a coupler. Ideally, the input rotary shaft 17 
rotates while its shaft center coincides with that of the rotor 
rotary shaft 13. The resolver 15 comprises a wound rotor (not 
shown) and a wound stator 21, and includes a signal processor 
23 that outputs a voltage corresponding to the rotation angle 
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(e.g., a voltage between 0 and 5 V) of the input rotary shaft 17 
in a range of 0 to 2n (rad) with reference to a predefined origin 
of the input rotary shaft 17. The stator 21 of the resolver 15 is 
fixed to a bedplate 25 via a support member 27 in a 
predetermined manner. 

[0049] 

The rotary electric motor 11, which is a rotary motion 
detection object, will now be described with reference especially 
to Fig. 1. The rotary electric motor 11 is integral with a base 
29 because it is mounted on the base 29 and fixed to the base 
29 via a stopper 31. The rotary electric motor 11 includes not 
only the aforementioned rotor rotary shaft 13 but also a stator 
housing 33, which houses a stator of the rotary electric motor 
11, a bearing 35, which supports the rotor rotary shaft 13 at 
the bottom center of a cylinder of the stator housing 33 and 
allows the rotor rotary shaft 13 to rotate, a pulley 37, which is 
installed over the other end of the rotor rotary shaft 13 to 
transmit motive energy to a load of the rotary electric motor 11 
in a predetermined manner (not shown), a velocity control unit 
39, which calculates a torque reference value for controlling the 
rotational velocity of the rotor rotary shaft 13 based on the 
output of the rotation detection device 1, and a driving unit 43, 
which receives power from a three-phase ac power supply 41 
and causes the rotor rotary shaft 13 to generate a torque 
equivalent to the torque reference value based on the output of 
the velocity control unit 39. 

[0050] 

Referring to Fig. 2, the output of the rotation detecting 
means CI is input to the rotation calculating means C2. The 
output signal of rotation detecting means CI contains a first 
ripple component and a second ripple component. The first 
ripple component varies in a rotation cycle of the rotor rotary 
shaft 13 that results, for instance, from mounting eccentricity of 
the rotation transmitting means 19. The second ripple 
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component varies in a cycle that is an integer multiple (e.g., 
four times (ripple periodic number m = 4)) of the rotation cycle 
of the rotor rotary shaft 13, which is resulted from 
electromagnetic factors such as uneven winding (not shown) of 
the resolver 15. The rotation calculating means C2, C2' are 
provided to reduce the ripple components and obtain a signal 
equivalent to a detected rotation angle. The rotation 
calculating means C2 performs calculation processes to 
eliminate the second ripple component. The rotation 
calculating means C2' removes the first ripple component from 
a signal from which the second ripple component is already 
removed by the rotation calculating means C2. 

[0051] 

The rotation calculating means C2 includes a rotation 
angle converter 45, which converts the output of the signal 
processor 23 to the rotation angle of the rotor rotary shaft 13; 
an angular velocity converter 47, which converts the output of 
the rotation angle converter 45 to the angular velocity of the 
rotor rotary shaft 13; a phase adjustor 49, which adjusts a 
phase angle relative to the output of the rotation angle 
converter 45; a periodicity gain multiplier 51, which multiplies 
its input by the ripple periodic number (e.g., 4) that is 
contained in the output of the rotation angle converter 45 
during a rotation of the rotor rotary shaft 13, and should be 
eliminated; an adder 53, which adds the output of the phase 
adjustor 49 to the output of the periodicity gain multiplier 51; a 
sine calculator 55, which receives the output of the adder 53 
and calculates the sine value of the received value; an 
amplitude adjustor 57, which multiplies the output of the sine 
calculator 55 by an adjustable gain; a multiplier 59, which 
multiplies the output of the amplitude adjustor 57 by the output 
of the angular velocity calculator 47; and a subtractor 61, which 
subtracts the output of the multiplier 59 from the output of the 
angular velocity calculator 47. The phase adjustor 49, 
periodicity gain multiplier 51, adder 53 and sine calculator 55 
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constitute a trigonometric function calculator C3. The 
periodicity gain multiplier 51, phase adjustor 49, and adder 53 
constitute a rotation angle linear function calculator C4, which 
calculates the linear function of a rotation angle. 

[0052] 

The rotation calculating means C2' includes a rotation 
angle converter 45', which serves as an integrator that 
integrates angular velocity, that is, the output of the rotation 
calculating means C2 from which the second ripple component 
is removed; a phase adjustor 49', which adjusts the phase angle 
to be added to the output of the rotation angle converter 45'; 
an adder 53', which adds the output of the phase adjustor 49' to 
the output of the rotation angle converter 45'; a sine calculator 
55', which calculates the sine value of the output of the adder 
53'; an amplitude adjustor 57', which multiplies the output of 
the sine calculator 55' by an adjustable gain; a multiplier 59', 
which multiplies the output of the amplitude adjustor 57' by the 
output of the rotation calculating means C2; a subtractor 61', 
which subtracts the output of the multiplier 59' from the output 
of the rotation calculating means C2; and an integrator 63', 
which integrates angular velocity, which is the output of the 
subtractor 61'. In the rotation calculating means C2', a 
trigonometric function calculator C3' is composed of the sine 
calculator 55' and a rotation angle linear function calculator C4' 
composed of the phase adjustor 49' and adder 53'. 

[0053] 

The velocity control unit 39 and driving unit 43 will now 
be described to facilitate understanding. The velocity control 
unit 39 includes an angular velocity target pattern generator 65, 
which outputs an angular velocity target pattern that the 
angular velocity of the rotor rotary shaft 13 should follow; and a 
torque reference calculator 67, which calculates a torque 
reference value, for causing the rotational velocity of the rotor 
rotary shaft 13 to follow the target pattern, based on the output 
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of the angular velocity target pattern generator 65 and the 
angular velocity output of the subtractor 61' for rotation 
calculating means C2\ The driving unit 43 includes a converter 
69, which converts the power received from the three-phase ac 
5 power supply 41 to dc power; and an inverter 71, which uses 
the dc power fed from the converter 69 to supply three-phase 
ac power so that the rotary electric motor 11 generates torque 
equivalent to the torque reference value in accordance with the 
output of the torque reference calculator 67 and the output of 

10 the integrator 63\ The inverter 71 includes a firing angle 
controller 73, which controls the firing angle of the thyristor in 
accordance with the output of the torque reference calculator 67 
and the output of the integrator 63' to ensure that the rotary 
electric motor 11 is excited by a three-phase ac current, which 

15 generates predefined torque; and a thyristor 75, which supplies 
the three-phase ac current to the rotary electric motor 11 in 
accordance with the output of the firing angle controller 73. 

[0054] 

20 The power required for operating the rotation detection 

device 1, velocity control unit 39, and driving unit 43 is supplied 
from a single-phase ac power supply 77. In the block diagram, 
arrow lines represent signal paths, whereas bold lines represent 
power supply paths around the rotary electric motor 11 and 

25 rotation detection device 1. 

[0055] 

In Fig. 3, the phase adjustor 49 (49') is indicated as 
automatic phase adjusting means 49". The automatic phase 

30 adjusting means 49" includes an absolute value calculator 80, a 
2% division remainder calculator 82, a pseudo differentiator 84, 
a %/2 sample holder 86, a first 37i/2 sample holder 88, a 
subtractor 90, periodic phase deviation integrating means 92, a 
phase gain multiplier 93, a normal-reverse rotation adjustor 94, 

35 and phase adjusting value storing means 96. The absolute 
value calculator 80 receives the output of the rotation angle 
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linear function calculator C4 (C4 1 ) and calculates the absolute 
value of the received rotation angle linear function. The 2n 
division remainder calculator 82 outputs a remainder that is 
obtained when the output of the absolute value calculator 80 is 
5 divided by 2%. The pseudo differentiator 84 serves as vibration 
phase shifting means that differentiates the output signal of the 
subtractor 61 (61') in a predetermined low-frequency region 
and advances the phase thereof by 90 degrees. The n/2 
sample holder 86 serves as shifted phase sampling means that 

10 receives the output of the pseudo differentiator 84, samples an 
input signal when the output of the 2n division remainder 
calculator 82 is %/2, and retains the sampled value until the 
next sampling timing. The first 3n/2 sample holder 88 serves 
as shifted phase sampling means that receives the output of the 

15 pseudo differentiator 84, samples an input signal when the 
output of the 2n division remainder calculator 52 is 3n/2, and 
retains the sampled value until the next sampling timing. The 
subtractor 90 subtracts the output value of the first 3n/2 sample 
holder 88 from the output value of the n/2 sample holder 86. 

20 The periodic phase deviation integrating means 92 samples the 
output value of the subtractor 90 when the output of the 2n 
division remainder calculator 82 is 3n/2, and adds the sampled 
value to the sum of previously sampled values. The phase gain 
multiplier 93 serves as phase gain multiplication means that 

25 receives the output of the periodic phase deviation integrating 
means 92 and multiplies it by a predetermined gain. The 
normal-reverse rotation adjustor 94 receives the output of the 
rotation angle linear function calculator C4 (C4') and multiplies 
the output of the phase gain multiplier 93 by a positive/negative 

30 sign of the rotation angle linear function. The phase adjusting 
value storing means 96 stores the output value of the 
normal-reverse rotation adjustor 94 in accordance with an 
external signal (not shown). The periodic phase deviation 
integrating means 92 comprises a second 3n/2 sample holder 98 

35 and an adder 99. The second 37i/2 sample holder 98 samples 
an input signal when the output of the 2n division remainder 
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calculator 82 is 3n/2, and retains the sampled value until the 
next sampling timing. The adder 99 adds the output value of 
the subtractor 90 to the output value of the second 3n/2 sample 
holder 98 and outputs the addition result to the second 3%/2 
sample holder 98. The output of the second 37t/2 sample 
holder 98 is the output of the periodic phase deviation 
integrating means 92. 

[0056] 

In Fig. 4, the amplitude adjustor 57 (57') is indicated as 
automatic amplitude adjusting means 57". More specifically, 
the automatic amplitude adjusting means 57" includes a second 
absolute value calculator 102, a second 2% division remainder 
calculator 106, a On sample holder 108, a % sample holder 110, 
a 27i sample holder 112, a first average calculator 114, a second 
average calculator 116, a 0-7t time integral average calculator 
118, a 7I-27C time integral average calculator 120, a subtractor 
122, a subtractor 124, periodic amplitude deviation integrating 
means 126, periodic amplitude deviation integrating means 128, 
a subtractor 130, an amplitude gain multiplier 132, a second 
normal-reverse rotation adjustor 134, and amplitude adjusting 
value storing means 136. The second absolute value calculator 
102 receives the output of the rotation angle linear function 
calculator C4 (C4') and calculates the absolute value of the 
rotation angle linear function. The second 2% division 
remainder calculator 106 outputs a remainder that is obtained 
when the calculation result produced by the second absolute 
value calculator 102 is divided by 2%. The On sample holder 
108 serves as vibration sampling means that samples the 
output value of the subtractor 61 (61') when the output of the 
2n division remainder calculator 76 is zero, and retains the 
sampled value until the next sampling timing. The % sample 
holder 110 samples the output value of the subtractor 61 (61') 
when the output of the second 2n division remainder calculator 
106 is it, and retains the sample value until the next sampling 
timing. The 2% sample holder 112 samples the output value of 
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the subtractor 61 (61') when the output of the second 2% 
division remainder calculator 106 is 2n, and retains the sample 
value until the next sampling timing. The first average 
calculator 114 serves as vibration sample value average 
calculating means that calculates the average value of the 
output value of the 07t sample holder 108 and the output value 
of the 7i sample holder 110. The second average calculator 116 
calculates the average value of the output value of the n sample 
holder 110 and the output value of the 2n sample holder 112. 
The 0-Ti time integral average calculator 118 serves as vibration 
time average calculating means that performs time integration 
of the output of the subtractor 61 (61') while the output of the 
second 2ti division remainder calculator 106 changes from zero 
to 7t, and calculates the time average value of the integration 
result. The n-2n time integral average calculator 120 performs 
time integration of the output of the subtractor 61 (61 f ) while 
the output of the second 2k division remainder calculator 106 
changes from % to 27c, and calculates the time average value of 
the integration result. The subtractor 122 serves as an 
amplitude deviation comparator that subtracts the output of the 
first average calculator 114 from the output of the 0-n time 
integral average calculator 118. The subtractor 124 serves as 
an amplitude deviation comparator that subtracts the output of 
the second average calculator 116 from the output of the 7C-27C 
time integral average calculator 120. The periodic amplitude 
deviation integrating means 126 samples the output value of 
the subtractor 122 when the output of the second 2n division 
remainder calculator 106 is %, and adds the sampled value to 
the sum of previously sampled values. The periodic amplitude 
deviation integrating means 128 samples the output value of 
the subtractor 124 when the output of the second 27i division 
remainder calculator 106 becomes 27t (immediately before being 
reduced to zero), and adds the sampled value to the sum of 
previously sampled values. The subtractor 130 subtracts the 
output of the periodic amplitude deviation integrating means 
128 from the output of the periodic amplitude deviation 
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integrating means 126. The amplitude gain multiplier 132 
serves as vibration gain multiplication means that receives the 
output of the subtractor 130 and multiplies it by a 
predetermined gain. The second normal-reverse rotation 
adjustor 134 receives the output of the rotation angle linear 
function calculator C4 (C4') and multiplies the output of the 
amplitude gain multiplier 63 by a positive/negative sign of the 
rotation angle linear function. The amplitude adjusting value 
storing means 136 stores the output value of the 
normal-reverse rotation adjustor 134 in accordance with an 
external signal (not shown). 

[0057] 

The 0-7t time integral average calculator 118 shown in Fig. 
4 comprises a 0-n time integral calculator 144 and a time 
average calculator 146. The 0-n time integral calculator 144 
serves as vibration integrating means that performs time 
integration of the output of the subtractor 61 (61') while the 
output of the second 2n division remainder calculator 106 
changes from zero to 7c. The time average calculator 146 
measures the time required for the output of the second 2% 
division remainder calculator 106 to change from zero to n, and 
divides the calculation result produced by the 0-7i time integral 
calculator 144 by the measurement result to calculate the time 
average of the output value of the 0-7i time integral calculator 
144. The output of the time average calculator 146 is the 
output of the 0-7i time integral average calculator 118. The 
7c-27i time integral average calculator 120 comprises a %-2n time 
integral calculator 148 and a time average calculator 150. The 
7i-27t time integral calculator 148 serves as vibration integrating 
means that performs time integration of the output of the 
subtractor 61 (61') while the output of the second 2n division 
remainder calculator 106 changes from % to 2%. The time 
average calculator 150 measures the time required for the 
output of the second 2it division remainder calculator 106 to 
change from % to 2n, and divides the calculation result produced 
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by the k-2k time integral calculator 148 by the measurement 
result to calculate the time average of the output value of the 
n-2% time integral calculator 148. The output of the time 
average calculator 150 is the output of the n-2% time integral 
average calculator 120. 

[0058] 

The periodic amplitude deviation integrating means 126 
comprises a second n sample holder 152 and an adder 154. 
The second n sample holder 152 samples an input signal when 
the output of the second 2n division remainder calculator 106 is 
Kf and retains the sampled value until the next sampling timing. 
The adder 154 adds the output value of the subtractor 122 to 
the output value of the second % sample holder 152, and 
outputs the addition result to the second % sample holder 152. 
The output of the second % sample holder 152 is the output of 
the periodic amplitude deviation integrating means 126. 

[0059] 

The periodic amplitude deviation integrating means 128 
comprises a second 2n sample holder 156 and an adder 158. 
The second 2% sample holder 156 samples an input signal when 
the output of the second 2n division remainder calculator 106 
becomes 2% (immediately before being reduced to zero), and 
retains the sampled value until the next sampling timing. The 
adder 158 adds the output value of the subtractor 124 to the 
output value of the second 2n sample holder 156, and outputs 
the addition result to the second 2n sample holder 156. The 
output of the second 2% sample holder 156 is the output of the 
periodic amplitude deviation integrating means 128. 

[0060] 

Now, a description will be made of the operation 
performed by the rotation detection device according to the 
present embodiment, which is configured as described above. 

The first description, which is given below, relates to a 
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device operation that is performed when the output values of 
the phase adjustors 49/49' are the predetermined values stored 
in the phase adjusting value storing means 96 and the output 
values of the amplitude adjustors 57, 57' are the predetermined 
values stored in the amplitude adjusting value storing means 
136. 

[0061] 

While the rotation detection device is on standby, that is, 
while the three-phase ac power supply 41 and single-phase ac 
power supply 77 are on, the rotation detection device 1, velocity 
control unit 39, and driving unit 43 are operating, and the 
angular velocity target pattern generator 65 outputs zero, the 
rotor rotary shaft 13 is maintained in a state where the angular 
velocity is zero. When the angular velocity target pattern 
generator 65 later generates, for instance, a trapezoidal pattern 
shown in Fig. 6, causing an increase in the target angular 
velocity, the torque reference calculator 67 calculates a torque 
reference value that the rotary electric motor 11 should 
generate in accordance with the current angular velocity of the 
rotor rotary shaft 13, which is output from the subtractor 61', 
and the angular velocity target value for the target pattern 
generator 65, and outputs the calculation result to the driving 
unit 43. The firing angle controller 75 then exercises firing 
angle control over the thyristor unit 73 so that the rotary 
electric motor 11 generates torque in accordance with the 
reference value. This causes the inverter 73 to output an 
excitation current so that the rotary electric motor 11 generates 
torque in accordance with the reference value. The torque 
generated by the rotary electric motor 11 then causes the pulley 
37 to begin rotating together with the rotor rotary shaft 13. 
The rotation of the rotor rotary shaft 13 is input to the resolver 
15 via the rotation transmitting means 19 and rotation input 
shaft 17. The signal processor 23 increases its output voltage 
in accordance with an increase in the rotation angle of the rotor 
rotary shaft 13. The rotation angle converter 45 converts the 
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output voltage of the signal processor 23 to the rotation angle 
of the rotor rotary shaft 13. Meanwhile, in the angular velocity 
converter 47, the pseudo differentiator or the like converts the 
output voltage of the signal processor 23 to angular velocity. 
In this instance, the output voltage of the signal processor 23 
contains the first ripple component and second ripple 
component for the above-mentioned reason. 

[0062] 

The periodicity gain multiplier 51 multiplies the rotation 
angle (9) obtained in the rotation angle converter 45 by 4, 
which is the ripple periodic number (m) per rotation of the rotor 
rotary shaft 13. Then, the adder 53 determines the sum (me + 
v|/) of the multiplied value and the output of the phase adjustor 
49, which is the phase adjusting value The obtained sum 

is then input to the sine calculator 55 to calculate the sine value 
of the output value of the adder 53 (sin(m9 + \(/)). The 
amplitude adjustor 57 multiplies the output of the sine 
calculator 55 by a predetermined gain (G). Then, the multiplier 
59 multiplies the resulting value by an angular velocity value 
(go) that is fed from the angular velocity converter 47. The 
output of the multiplier 59 (coGsin(m0 + \|/)) is input to the 
subtractor 61 together with the angular velocity value fed from 
the angular velocity converter 47. The subtractor 61 subtracts 
the output of the multiplier 59 from the output (©) of the 
angular velocity converter 47. The obtained subtraction result 
then becomes the output of the rotation calculating means C2 
(© - ©Gsin(me + In other words, the rotation calculating 

means C2 outputs the calculation result produced by Expression 
1 as angular velocity in relation to the rotation angle and 
angular velocity of the rotor rotary shaft 13. Thus, the second 
ripple component is eliminated from the angular velocity that is 
output from the rotation calculating means C2. 

[0063] 

The angular velocity output of the rotation calculating 
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means C2 is input to the rotation calculating means C2'. More 
specifically, the angular velocity input to the rotation angle 
converter 45' provided with an integrator is integrated and 
converted to a rotation angle. Meanwhile, the phase adjustor 
5 49' outputs a predetermined phase angle that corresponds to 
the initial phase angle of the first ripple component. The 
outputs of the rotation angle converter 45' and phase adjustor 
49' are input to the adder 53'. The periodicity gain multiplier 
51, which is positioned between the rotation angle converter 45' 
10 and adder 53', does not exist in the rotation calculating means 
C2 because the first ripple component is synchronized with the 
rotor rotary shaft. The sine calculator 55' calculates the sine 
value of the rotation angle to be output from the adder 53'. 
The amplitude adjustor 57' multiplies the output value of the 
15 sine calculator 55' by a predetermined gain that corresponds to 
the amplitude of the first ripple component. The multiplier 59' 
multiplies the output of the amplitude adjustor 57' by the 
angular velocity output from the rotation calculating means C2. 
The subtractor 61' subtracts the output of the multiplier 59' 
20 from the angular velocity output that is generated by the 
rotation calculating means C2. In other words, as regards the 
first ripple component, the subtractor 61' outputs the 
calculation result produced by Expression 1 as angular velocity. 
Therefore, all ripple components are eliminated from the 
25 angular velocity output from the subtractor 61'. 

[0064] 

The angular velocity output from the subtractor 61' is 
input to the velocity control unit 39 as a first output of the 

30 rotation calculating means C2'. It is also input to the integrator 
63' and converted to a rotation angle. The rotation angle 
output from the integrator 63' is input to the driving unit 43 as 
a second output of the rotation calculating means C2'. In this 
instance, the rotation angle and angular velocity of the rotor 

35 rotary shaft 13, which increase with an increase in the angular 
velocity target value, are accurately input to the torque 
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reference calculator 67 and firing angle controller 75. 
Therefore, abnormal vibration due to an angular velocity 
increase and a torque ripple during the angular velocity is 
constant do not occur in the rotary electric motor 11, and the 
pulley 37 rotates at an angular velocity that properly follows the 
angular velocity target pattern shown in Fig. 6. When the 
target angular velocity is reduced later to zero, the angular 
velocity of the pulley 37 is also reduced to zero so that the 
rotary electric motor 11 goes on standby again. 

[0065] 

In the above instance, the torque reference value of the 
torque reference calculator 67 has a waveform shown in Fig. 7. 
However, if the rotation detecting means CI directly inputs the 
rotation information about the rotor rotary shaft 13 to the 
velocity control unit 39 in a conventional manner, a ripple is 
contained in the torque reference value as the angular velocity 
increases as shown in Fig. 8. The frequency and the amplitude 
of the ripple increase with an increase in the angular velocity of 
the rotor rotary shaft 13 until the angular velocity reaches its 
maximum value, and disappears as the angular velocity 
decreases. If the torque reference value contains a ripple 
associated with a frequency in a range of zero to a value 
corresponding to the operation of the maximum angular velocity 
as described above, the resonance of a system connected to the 
rotary electric motor 11 may be excited. If the angular velocity 
of the rotor rotary shaft 13 reaches a specific value to cause 
resonance of the system, the system generates noise and 
vibration. This may damage the system in some cases. In 
order to avoid such a phenomenon and enhance the system 
reliability, the rigidity of the entire system including the rotary 
electric motor 11 may be increased to raise the resonance 
frequency thereof. However, the use of high-rigidity materials 
and reinforcements are required to increase the rigidity of the 
system. Consequently, the cost of the entire system connected 
to the rotary electric motor 11 increases. In the present 
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embodiment, however, the above problem does not occur 
because the torque reference value does not contain a ripple, as 
shown in Fig. 7. 

5 [0066] 

A description will now be made of the rotation detection 
device operation that is performed when the rotation detection 
device is operated for the first time or when the phase and 
amplitude of the ripple component is to be newly determined in 

10 a situation where the ripple component contained in the output 
signal of the resolver 15 cannot be eliminated by using a value 
stored in the phase adjusting value storing means 96 or 
amplitude adjusting value storing means 136 due, for instance, 
to power failure. While the rotation detection device is on 

15 standby, that is, while the three-phase ac power supply 35 and 
single-phase ac power supply 49 are on, the rotation detection 
device 1 and velocity control unit 39 are operating, and the 
angular velocity target pattern generator 31 outputs zero, the 
rotary electric motor 11 is maintained in a state where the 

20 angular velocity thereof is zero. When the rotation detection 
device starts up, the phase adjusting value storing means 96 
and amplitude adjusting value storing means 136 output the 
output values of the norma I -reverse rotation adjustment units 
94, 134, which are input to the phase adjusting value storing 

25 means 96 and amplitude adjusting value storing means 136, in 
accordance with an external signal (not shown) instead of 
outputting previously stored data. In this state, for example, 
the value zero is set as the integration initial values for the 
periodic phase deviation integrating means 92 and periodic 

30 amplitude deviation integrating means 126, 128, and the phase 
adjustors 49, 49' and amplitude adjustors 57, 57' output the 
value zero. 

[0067] 

35 When the angular velocity target pattern generator 31 

generates a trapezoidal pattern shown in Fig. 6, causing an 
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increase in the target angular velocity, the rotary electric motor 
11 begins to rotate. The rotation of the rotary electric motor 
11 is detected by the resolver 15. However, the output voltage 
of the signal processor 23 contains the first and second ripple 
components as described earlier. 

[0068] 

In the rotation detection device 1 according to the 
present invention, however, the automatic phase adjusting 
means 49" and automatic amplitude adjusting means 57" cancel 
the above ripple components as the rotary electric motor 11 
rotates. More specifically, the output of the rotation detecting 
means CI (rotation calculating means C2) is input to the 
rotation angle linear function calculator C4 (C4') via the rotation 
angle converter 45 (45'), the second (first) ripple component 
periodic number is multiplied by the periodicity gain multiplier 
51, and the output of the phase adjustor 49 (49') is added by 
the adder 53 (53*) to calculate a linear function concerning the 
rotation angle. Note that the linear function concerning the 
rotation angle is "me + V, which is a linear function concerning 
9 and can be represented by the Expression "f(e) = me + v|/" in 
which the rotation angle e may be considered as a variable of 
the function and the phase adjusting value V mav be 
considered as a constant term of the function (i.e., linear 
function constant term). The output of the rotation angle linear 
function calculator C4 (C4') is input to the phase adjustor 49 
(49'), that is, the automatic phase adjusting means 49", and to 
the amplitude adjustor 57 (57'), that is, the automatic 
amplitude adjusting means 57". Meanwhile, the output of the 
adder 61 (61') is input to the phase adjustor 49 (49') and 
amplitude adjustor 57 (57') as the output of the rotation 
calculating means C2 (C2'). 

[0069] 

In the phase adjustor 49 (49"), which is configured as the 
automatic phase adjusting means shown in Fig. 2, the output of 
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the rotation angle linear function calculator C4 (C4') is input to 
the absolute value calculator 80 and normal-reverse rotation 
adjustor 94. The absolute value calculator 80 calculates the 
absolute value of the output (me + vy) of the rotation angle 
5 linear function calculator C4 (C4'), and the 2n division 
remainder calculator 82 calculates the remainder that is 
obtained when the output of the rotation angle linear function 
calculator C4 (C4') is divided by 2k. The resulting output value 
is input to the n/2 sample holder 86 and 3%/2 sample holders 88, 
10 98, and used for sampling timing detection in each sampling 
holder. 

[0070] 

The output of the subtractor 61 (61') is input to the 
15 pseudo differentiator 84. The output of the pseudo 
differentiator 84, that is, the output ripple differential (time 
differential of © m ) of the resolver 15, is input to the n/2 sample 
holder 86 and 3ti/2 sample holder 88 as a sampled signal. As 
described earlier, the n/2 sample holder 86 and 3n/2 sample 
20 holder 88 sample the output of the pseudo differentiator 84 
when the remainder obtained by dividing the absolute value of 
the output (me + \|/) of the rotation angle linear function 
calculator C4 (C4') by 2n is n/2 or 3n/2. 

25 [0071] 

The outputs of the n/2 sample holder 86 and 3n/2 sample 
holder 88 are delivered to the subtractor 90. The subtractor 90 
subtracts the output value of the 3n/2 sample holder 88 from 
the output value of the n/2 sample holder 86, and outputs the 

30 subtraction result. The output of the subtractor 90 is input to 
the periodic phase deviation integrating means 92. The 3tc/2 
sample holder 98 of the periodic phase deviation integrating 
means 92 samples the output of the subtractor 90 whenever the 
remainder obtained by dividing the absolute value of the output 

35 (me + v|/) of the rotation angle linear function calculator C4 (C4') 
by 2n is 3ti/2. Further, the 3n/2 sample holder 98 uses the 
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adder 99 to add the sampled output of the subtractor 90 to the 
cumulative output of the subtractor 90 (see Expression 14). 
The output of the periodic phase deviation integrating means 92, 
more specifically, the output of the 3%/2 sample holder 98, is 
input to the phase gain multiplier 93. The phase gain multiplier 
93 multiplies the output of the 37t/2 sample holder 98 by a 
predetermined gain (a) that causes the output value of the 
automatic phase adjusting means 49" to converge. The output 
of the phase gain multiplier 93 is input to the normal-reverse 
rotation adjustor 94. In the normal-reverse rotation adjustor 
94, a predefined sign is added depending on whether the output 
of the rotation angle linear function calculator C4 (C4') is 
positive or negative. Eventually, the normal-reverse rotation 
adjustor 94 outputs a phase difference V, which is based on 
Expression 14, to the phase adjusting value storing means 96. 
As the phase difference 'V comes closer to the phase difference 
"<))" of the angular velocity ripple indicated in Expression 7 while 
the rotary electric motor 11 rotates, the increase in in 
Expression 14 converges to zero. Eventually, 'V" becomes 
equal to "<J>" so that the output value of the automatic phase 
adjusting means 49" becomes stable. If the phase adjusting 
value storing means 96 stores the phase difference in 
compliance with an external command, and outputs the stored 
phase difference 'V the next time the rotation detection device 
is operated, the rotation angle linear function calculator C4 
(C4') outputs a phase-difference-free signal from the startup of 
the system. It goes without saying that at this stage the 
subtractor 61 (61') outputs an angular velocity signal containing 
the ripple component indicated in Expression 11. 

[0072] 

When the phase difference '>" of the correction angular 
velocity ripple "© c " for eliminating the torque ripple of the rotary 
electric motor 11 converges, an automatic adjustment is made 
in the amplitude adjustor 57 (57') so that G in Expression 8 
becomes equal to "am". Accordingly, in the subtractor 61 (61'), 
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the angular velocity ripple component is canceled. In other 
words, the output of the rotation angle linear function calculator 
C4 (C4') is input to the absolute value calculator 102 and 
normal-reverse rotation adjustor 134. The absolute value 
calculator 102 calculates the absolute value of the output of the 
rotation angle linear function calculator C4 (C4*), and the 
second 2n division remainder calculator 106 calculates the 
remainder that is obtained when the output of the rotation 
angle linear function calculator C4 (C4') is divided by 2%. This 
output value is input to the 0% sample holder 108, % sample 
holders 110, 152, and 2% sample holders 112, 156, and used for 
sampling timing detection in each sampling holder. Further, the 
output of the subtractor 61 (61') is input to the On sample 
holder 108, % sample holder 110, 2k sample holder 112, 0-n 
time integral average calculator 118, and %-2n time integral 
average calculator 120. The average calculator 114 calculates 
the average value "©mAvi" of the outputs of the 0% sample holder 
108 and n sample holder 110. In the 0-7i time integral average 
calculator 118, the 0-7t time integral calculator 144 and time 
average calculator 146 calculate the time integration average 
value of a rotation angle range from 0 to it (rad) of the output 
of the subtractor 61 (61'). The subtractor 122 uses the output 
of the average calculator 114 for subtraction purposes so that 
the value in "£" on the right side of Expression 15 is calculated. 
The n sample holder 152 and adder 154 in the periodic 
amplitude deviation integrating means 126 operate so that the 
value in "Z" in Expression 15 is calculated as the output of the 
subtractor 122. As regards the outputs of the % sample holder 
110 and 2n sample holder 112, the average calculator 116 
calculates their average value "©mAV2". In the it-2n time 
integral average calculator 120, the %-2k time integral calculator 
148 and time average calculator 150 calculate the time 
integration average value of a rotation angle range from n to 2% 
(rad) of the output of the subtractor 61 (61'). The subtractor 
124 uses the output of the average calculator 116 for 
subtraction purposes so that the value in "£" on the right side of 
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Expression 16 is calculated. The 2n sample holder 156 and 
adder 158 in the periodic amplitude deviation integrating means 
128 operate so that the value in in Expression 16 is 
calculated as the output of the subtractor 124. The outputs of 
the periodic amplitude deviation integrating means 126, 128 are 
subjected to subtraction in the subtractor 130. The amplitude 
gain multiplier 132 multiplies the resulting value by a 
predetermined gain (p) that converges the output value of the 
amplitude adjustor 57 (57'). Further, the normal-reverse 
rotation adjustor 134 multiplies the resulting value by a 
predetermined sign depending on whether the output of the 
rotation angle linear function calculator C4 (C4 ! ) is positive or 
negative. Eventually, the amplitude "G" based on Expression 
17 is calculated. As the amplitude G comes closer to the 
amplitude am of the angular velocity ripple in Expression 7 
while the rotary electric motor 11 rotates, the increase in "G" in 
Expression 17 converges to zero. Eventually, "G" becomes 
equal to "am" so that the angular velocity ripple 'V is 
canceled. 

[0073] 

The torque ripple is then canceled when the rotary 
electric motor 11 increases its rotational velocity. As a result, 
the output torque of the rotary electric motor 11, which is 
shown in Fig. 8, is smoothed as shown in Fig. 9. If the 
amplitude adjusting value storing means 136 stores the 
amplitude "G" in compliance with an external command, and 
outputs the stored amplitude "G" the next time the rotation 
detection device is operated, the rotation calculating means C2 
(C2 1 ) outputs a ripple-free angular velocity signal from the 
startup of the system. In this instance, the resonance of the 
system connected to the rotary electric motor 11 will not be 
excited. As a result, the operating accuracy of the system is 
not deteriorated and the rotation detection device is not 
damaged. 



35 



[0074] 

In the rotation detection device according to the present 
embodiment, a predetermined initial value (e.g., zero) is set for 
the phase gain multiplier 93 and amplitude gain multiplier 132 
when the rotation detection device starts operating. However, 
these gain values are to be changed at the time of initial 
adjustment of the rotation detection device according to the 
present invention so that the output of the phase adjUstor 22 
and the output of the amplitude adjustor converge to a value 
within a predetermined range. 

[0075] 

As regards the torque ripple that occurs in the rotary 
electric motor 11 and is attributable to the rotation detecting 
means CI, the present embodiment can cancel the angular 
velocity ripple contained in the output of the rotation detecting 
means CI and reduce the torque ripple of the rotary electric 
motor 11 as described above by automatically adjusting the 
amplitude and phase of the compensation angular velocity ripple, 
which is defined by the sine function of the rotation angle of the 
rotary electric motor 11, by using an angular velocity signal 
containing a ripple component and its derivative value. It is 
therefore possible to reduce the vibration and noise generated 
in a drive target of the rotary electric motor 11 or in the main 
body of the rotary electric motor 11 easily and effectively while 
the rotation detection device is operating. This makes it 
possible to satisfy the functional requirements of the rotation 
detection device and provide a rotation detection device that is 
capable of enhancing reliability while reducing the cost. 

[0076] 

In the first embodiment described above, the rotation 
detecting means includes the resolver. ' However, the 
configuration of the rotation detecting means is not limited 
thereto and various modifications are possible. For example, 
the rotation detecting means may alternatively include a power 
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generator that generates an output voltage in proportion to an 
increase in the angular velocity of its input shaft. Further, the 
rotation of the rotary electric motor 11 is transmitted by the 
rotation transmitting means 19 and rotation input shaft 17. 
However, the configuration of the rotation transmitting means 
19 and the use of the rotation input shaft 17 are not restrictive. 
For example, an optical encoder 143 may alternatively be 
adopted as the rotation detecting means CI that uses an optical 
element 141, which is assigned to the signal processor 23', to 
read an equally-spaced striped pattern that is positioned around 
an end of the rotor rotary shaft 13, as shown in Fig. 10. 
Another alternative is to transmit the rotation of the rotor rotary 
shaft 13 to a rotary encoder 147 via a roller 145 that serves as 
rotation transmitting means, as shown in Fig. 11. 

[0077] 

A second embodiment of the present invention will now 
be described with reference to Figs. 12 and 13. In the first 
embodiment, the output signal of the rotation detecting means 
CI is processed by the two rotation calculating means C2, C2', 
which are serially arranged. However, the number and 
configuration of rotation calculating means are not limited 
thereto and may be changed depending on the ripple 
component possessed by the output signal of the rotation 
detecting means. In the rotation detecting means CI' that 
includes the rotary encoder 147 instead of the resolver 15, the 
second ripple component ascribable to the resolver 15 does not 
exist. Meanwhile, if the rotation transmitting means 19 
comprising a coupling has a play, the phase difference >" varies 
with the direction of the torque of the rotary electric motor 11. 
Further, if an external force is exerted on the rotor rotary shaft 
13 so that the load on the rotary electric motor 11 distorts the 
axial center, the axial center of the rotor rotary shaft 13 may 
deviate from the axial center of the input rotary shaft 17, which 
is directly coupled to a rotary shaft (not shown) of the rotary 
encoder 147, depending on the magnitude of the load, thereby 
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varying the ripple component amplitude. In such an instance, 
an alternative is to use rotation calculating means C2" that is 
capable of updating the amplitude value stored in the amplitude 
adjusting value storing means 136 by operating automatic 
amplitude adjusting means 57"' each time the magnitude of the 
external force changes, storing the phase adjusting values for 
normal rotation and reverse rotation in the phase adjusting 
value storing means 96 by operating automatic phase adjusting 
means 49'", and changing the phase adjusting value output 
from the phase adjusting value storing means 96 depending on 
whether the output of the torque reference calculator 67 is 
positive or negative. 

[0078] 

More specifically, the rotation calculating means C2" 
includes a phase adjustor 49 ,M , an amplitude adjustor 57 ,M , and 
a sign analyzer 149 that inputs the output of the torque 
reference calculator 67 and judges whether the input is positive 
or negative. The output of the sign analyzer 149 is input to the 
phase adjustor 49 M \ Therefore, the phase adjustor 49 ,M 
outputs a predefined appropriate value depending on whether 
the output of the torque reference calculator 67 is positive or 
negative. If, for instance, an external force that is oriented in 
the direction of gravity, distorts the axial center of the rotor 
rotary shaft 13, the amplitude adjusting gain of the amplitude 
adjustor 57 ,M converges to a value that corresponds to the 
external force, and if necessary, the amplitude adjusting gain is 
used until the external force is changed later. It goes without 
saying that the gain for the periodicity gain multiplier 51 in the 
rotation calculating means C2" is set to 1 (one). In the present 
embodiment, the trigonometric function calculator C3" 
comprises the sine calculator 55 and a rotation angle linear 
function calculator C4" that comprises the phase adjustor 49 ,M , 
the periodicity gain multiplier 51, and the adder 53. 
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A third embodiment of the present invention will now be 
described with reference to Figs. 14 and 15. In the first and 
second embodiments, which have been described above, the 
rotation detecting means and rotation calculating means are 
positioned adjacent to each other to constitute the rotation 
detection device 1. However, the distance between the rotation 
detecting means and rotation calculating means and their 
positions are not restrictive. As shown in Figs. 14 and 15, the 
rotation calculating means C2 may be incorporated in a velocity 
control unit 39' or driving unit 43'. Since the driving unit 43' 
requires a rotation angle, the output of the rotation calculating 
means C2 is input to the firing angle controller 73 via the 
integrator 63'. The rotation calculating means C2' is not used 
because the aforementioned first ripple component ascribable to 
the rotation transmitting means is sufficiently small. The 
present embodiment makes it easy to install the rotation 
detection device because the rotation detecting means CI is 
only to be mounted on the rotary electric motor 11. 

[0080] 

The embodiments described above assume that the 
rotation calculating means performs analog calculations. 
However, the present invention is not limited to analog 
calculations. Alternatively, a digital calculation method may be 
employed. 

[0081] 

The embodiments described above assume that the 
rotary electric motor is targeted for rotation detection. 
However, the detection target for the rotation detection device 
is not limited to the rotary electric motor. For example, an 
alternative detection target may be a linear motor that uses a 
rotary encoder to convert the distance moved by a mover to a 
rotation angle via a wheel. 

While the present invention has been described in terms 
of embodiments, those skilled in the art will recognize that 



39 



various modifications may be made to the embodiments without 
departing from the spirit and scope of the present invention. 



